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/Cription 



J001] The present invention relates to shoe soles and shoe sole components am tn m*«w^ « 
soles and shoe sole components. More particularly, the to^S^t^ST^ manUfacturin 9 sh °e 
so^componen, and a method of thermoforming a shoe soltT^XT ° ^ S °' 6 0r 

[0002] A shoe generally consists of two basic parts an UDDer and a ^m* -n>* 

and provide cushioning to the foot. The upper also typSZc S S a^l^w ^T"* ^ 9ned ,0 6nc,0se 
to the bottom of the foot. The upper is attached to aS?ZTh J? ' nitial Support and cushioning 

to the bottom of the foot. The sTal^ imparl V^m^T** <UBhh *» ^ 

' KL T ^ Sa^ ^ 35 — — "** tennis, 

protection and comfort to the feet anWes i^U^Zc lZ^ * ^ " Sh ° 6 d6Sign t0 im P'° v «* 
weight and improving cushioning f ,ex b^Tnd I SbS v ^SETT* ^ ^ ° n d6CreaSin 9 

shock dispersion capabilities and energy Sum ' 06 80,65 ^ d6Sired wi,h im P roved memory. 

SKm*^ 

bination of research and rBssarSTSpSS^^ 9 ' and ^ Sp6Cific activities - Th * com 

example, the pressures exerted bVa fo^on a sot Z?~ ZZ TST 1 Sh ° eS deSigned for s P ecif fc ac ™ties. For 
running, or when playing tennt e c S^^SZS^^S*°T I" Pr6SSUreS "« * a foot wh *" 
ments of shoes used for particular activitiesTa^ takes ,n, ° account ,he specific require- 

specific needs of the individual. ^bsZ^^^J^^! "fT at,empte to ,ake irt0 a <*°unt *• 
supination. Thus, genera, considerations such as SSe^Jnl^ST ^ ««h *s pronation and 

in designing spor, shoes for particular a^^i^nSS^^ ^ ^ ^ ,nte aCCOUnt 
are of primary importance, other factors such as cnZ»2 ^! ?^ 6 func,l0nal characteristics of the shoe 

consumer satisfaction. $ °° St a " d a PP earanc e of the shoe must be taken into account for full 

2s, ^ m^ shoa — *-* have two corn- 

protection to the remainder of the s^^L ^ ^ ^ 9 P0Ti ' On * ,he Sole and P rovides Action and 
which provide both traction and hinh .t^ZZZZZ^'™ COmp ° 8ed ° f durable ma,eri ^ such as rubber, 
shock absorption member of the sole ^SZJS^SLSII^ TT^ * ^ Stabi,ity and is the P rim ^ 
outsole. Since the midsole is important to ^ asTK T^T'uL^'' m f ' exib,e material 0130 *• 
receded censurable attention % ^nsZT^ZtT^ *°* ** ^ * the "***• ^ 

nSof^? a ~ P-astics e>panded int0 foams whjch are , hei 

material, usually rubber. SS^^,"^ ^ J* 3 " W dUraWe 8,1661 * 0uteo,e 

foam midsole is generally a labor-intens^ nr^p^ res,stance and traction. Attaching an outsole to a 

abrading the surface of the rtXt^tJSL^ T"*? 3 mbber 0utso,e to a requires 

with cement where they lrT^'2^7^^ e n "* " ^ ,ay6ring ^ the midsole "d outsole surfaces 
touch-up and decoration proce^ee 9 * USUal,y with heat - ™s is followed by 

nX^e^T^ 

vkte the required stabilizing ^^^^T^^S^ ^ «* th6mS6lV6S t0 ^ 

density foams employed to minimize S MoSSrT ! ? °" 3 I* ^ * 6SpeCial| y true with low 
cushion, often after as little as 20^ 'of Shoe ^ fcam mdS °' eS **** ,ose ** *i«y to adequately 

aZlch^^ the use of foam midsoles Kas prompted several 

have centered on the use of inserts Z^^a^^T 3 ^ ° f Eff ° rtS t0 im P rove ste ^ 

foam plugs or soHd thermoplastic h^^„ SL^T JT 1 T ma,n midso,e component, such as dense 
curing or cemented into ptece afterwards in uSSiThS VI ^ ,0am midsole component before 

taining adequate slaW.it? have on^e^Ti^^^J^ t0 mp ™ CUShionina ™* 

These inserts also are generally encansutatari UnZ S f,ex ' ble i thermoplast.c .nserts and liquid or gas filled inserts 
o.constructingso.eshLngvary^ 

foamed plugs of materia, harder or soSr ton Z TrSr "T? ? ^ ^P' 6 " inserts 030 ^ude 
sulated in the midsole materia, to ^^IT^J^ ^. ^ inserts are e "cap- 

and areas of greater flexibility whe^ncreasS d-irS*™ ^ ^ inCfeaS6d Stabi,i,y ls desi ^. 

^^^^^^ 
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long cushioning and energy return. However, soles incorporating qels or oases such a<= air arQ . 

and relatively unpredictable in their functional characteristics. 3 6 ,0 

[0009] Midsoles have also been constructed of a shell of a thermoplastic elastomer desionpri to ^nc, . 

tec. low densrty synthetic foams such as polyether. polyurethane or^yest* ^S^^S^f 11 T" 

penphery of the sole is provkfed by conventions in the she.. materiaVJong the ^ of «h e ^S^fZ!^ 

are still incorporated into the main foam component where more rioiditv in iho ; nn ^ , 9 er foam 

mmmmm§ 

(a) a top foot-platform sheet' and 
and being characterised by 

mS, Z^^^Tj^^r^ «— r - -P- and sizes ,o p^ide spsc«* „ess rf 
grouped closer together where greater reastance is required for areas where a foot exerts the greatest 
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pressure such as in the forefoot and heel regions of the sole. Pins can be grouped further apart or replaced by larger 
support members in weight bearing areas to increase cushioning. Support members can also be provided by indenta- 
tions from the top foot-platform member extending into and contacting a corresponding indentation from the bottom 
member. The corresponding indentations can be fused or welded together during the thermoforming process to provide 
an internal support member combination bridging the top and bottom members of the sole component. 
[001 5] In addition, forming the sole component from two sheets of thermoplastic resin allows the sole component to 
be constructed of two different materials having different properties to create a variety of functional responses difficult 
to achieve through the use of only one material. For example, the bottom member can be constructed of a thermoplastic 
which is thicker, and accordingly stiffer, while the top member is constructed of a thermoplastic which is thinner and 
more flexible. In addition, support members constructed by corresponding indentations extending from the top and bot- 
tom members made of different materials can provide support members having dual properties. For example, the lower 
portion of the support member provided from the stiffer thermoplastic material will provide a stiffer support member por- 
tion and thus will provide greater resistance to forces exerted on the bottom portion of the sole. The upper portion of the 
support member constructed from the indentation of the thinner, more flexible material will exhibit greater flexibility, and 
accordingly provide more cushioning in response to pressures exerted on the top member of the sole component. By 
varying the shapes and sizes of the support members and the properties of the thermoplastic materials employed, the 
designer can control stability and cushioning characteristics throughout the sole component. 

FIG. 1 is a side view of an athletic shoe having a sole component according to one embodiment of the present 
invention. 

HG. 2 is an exploded view of the athletic shoe shown in FIG. 1 . 

FIG. 3 is a top plan view of the sole component embodiment shown in FIG. 2. 

FIG. 4 is a bottom plan view of the sole component embodiment shown in FIG. 2. 

FIG. 5 is a perspective view of unjoined sole component halves showing the internal structure of the sole compo- 
nent embodiment shown in FIG. 2.. 

FIG. 6 is a cross sectional view of the sole component embodiment taken along line 4-4 in FIG. 2. 

FIG. 7 is a cross sectional view of the sole component embodiment taken along line 5-5 in FIG. 2. 

FIG. 8 is a perspective view of unjoined internal support members according to one embodiment of the present 
invention. 

FIG. 9 is a perspective view of joined internal support members illustrated in FIG. 8. 

FIG. 10 is a perspective view of one embodiment of the present invention showing a cup sole embodiment. 

FIG. 1 1 is a schematic illustrating a twin-sheet thermoforming process. 

HG. 12 is a perspective partial cutaway exploded view of a sole component mold, corresponding lower sole com- 
ponent portion and outsole members according to one embodiment of the present invention. 

FIG. 13 is a perspective view of the lower half of the sole component with outsole members according to the 
embodiment of the present invention shown in FIG. 1 2. 

FIG. 14 is a cross sectional view of the mold illustrated in Fig. 12 showing an outsole member recessed in the mold 
and in locking engagement with sole component material. 

FIG. 1 5 is a cross sectional view of an outsole member having a plurality of protrusions in locking engagement with 
sole component material. 

FIG. 1 6 is a bottom plan view of a shoe upper showing one half of an attachment means according to one mbod- 
iment of the present invention. 
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FIG. 1 7 is a top plan view of a sole component according to one embodiment of the present invention showina the 
corresponding attachment means illustrated in FIG. 11. snowing the 

RG. 1 8 is a side cross sectional view of the shoe upper and sole component attachment means illustrated in FIGS. 

HQ. 21 is a side cross sectional view of the shoe upper and sole component attachment means shown in FIGS. 

£n!S J n he PreSent i nVenti ° n iS 3 8,108 ^ e com PO"ent made of a flexible high polymer plastic resin The sole com- 

Sr D S IT T 5016 ° r 3 P0Mi0n ° f ,he 50,6 SUCh 35 3 midso,e ' ^ arch s^ion or fori 

So I "if 9 ,° W h ! COmponent is used ' ^component's general shape is configured for incorporation 
S^2Tw* F °; eXample - " the sole componer « the entire shoe sdejhe component is coZuS to 

cZlin ^ I 9 ' tHe 50,6 iS Shap6d t0 ma,ch and to accommodate a shoeTpper H 

theTri "° ,° I 50 ' 6 ; C ° mP0nent iS COn,i9Ured ,0 C00pera,e wi,h the ° th * r Pontons oHhe sole to33ete 

lucht '.Srr? '£? 50,6 COmPOnent Can ,0rm ,he heel por,ion of a sole in ™>™«™ with otheTsJe 2 s 
such as traditional ethylene-v,nyl acetate copolymer (EVA) foam midsole portions and outsole materials IHhP Lnfc 
componen hs a midsole. the midsole is configured to accommodate a shoeupper and an oSl * S °' e 

TrIJL ^1 ComP<>nent 9enera " y COnsis,S of one or more hi 9h Polymers, generally synthetic which can be 
vmSfw°h r ? *"? PreSSUre ' Pre,eraD,y ' ,he hi9h polymers are thermoplastic po.yme s or termTasTc p^l 

T thermoset polymers fo,lowin9 moWin9 - The *»™ is ^ ^ a Ci*o. 

bod JlZ n! T ° r 35 3 P ° rt,0n ° f 3 Sh ° e SOle Re 9ardless of the specific role of the sole component le 
body member generally comprises a top foot-platform member and an opposing bottom member The too foot SoTm 
member ,s the surface of the body member oriented towards the shoe u^r. oL SsTnterrneote^ £22S 

STSE? JT"" t0P memb6r and ,he UPP6r The *** ^mbeMurther comprises a SSSST^S^ 
the portion of the component body member oriented towards the ground-contacting I portion TthT sT^e 

SSL? ^ def !!f S COrreSp0ndiP9 portions be,ween «» top and bottom members. Moreover 

Sn as a a soSdsot'^ relation » «* *>' -ample, where the S^SeT! to 

unction as a sole or midsole component, the top and bottom members are spaced apart in a generally Parallel olanar 

h ?' ? 9i ° n thr0U9h ,h6 mid S6Cti0n 0< the Component " However'as the £1%ZZ %£!Z 
extend trough the forefoot reg.on. the members can taper towards each other and eventually meet In any eTent tte 

S^:^ re,a,i ° n ,0 an ° ther SUCH ^ ^ ^ ^ ^-a^erS 

meZrs D a S re^i^ ^ <0P and boMDm memberS are 3 p,urali,y of supp °n members. The support 

^ IpT ^ ^ ,nden,a,ions in one w ^ ° f top and bottom members. The indexed 

b?E££ aSSS" 0 ^ in ! erVa ' ,0 3 *"* 3diaCent ,he COrreSp0ndin 9 ^ion of the opposhe meS 
nr™S!T describing the present .nvention means that the indentation extends to a point which is at least 

prox.mate the corresponding portion of the opposing member and can be engaged with the o^srte oorSon The 
engagement can be fixed or non-fixed. In one embodiment of the present invenL one or n^reThe s^rt m^ 

members >n the.r coextensive and spaced relation. In another embodimenYoHhe present inventon Te S and Som 
^^canberetained in their spaced and coextensive relation by coupling ^TZ^ng^n^Z 

mS T^ h JSsr? f s r° rt members can be in a ,ixed ° r non - fixed re,ati ° n - 

SSSnc- another embodiment of the present invention, the body member further comprises a wall member which is 
ESSE! Z . 10°*™ ° f Periphery 0f the ,op and men *ars. In Ss 60^^?^ ^ 

ton b!Zn^L ^ l COnt ' nuOUS alon9 1,16 P eri P her y °* 10P and bottom members, the cooperation among the 

vSTmSSS^ f ^ ^ adjaCent t0 corres P° ndin 9 P"^ of the opposite member 
Katiot ™i ^ !"1 mberS are int69ral P 0 ^ 5 01 ^ SOle ^"Vonent comprising inwardly directed 
.ndentat-ons .n the polymer materials forming the top and bottom members of the sole component. The support mem- 
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bers provide mechanical levers which provide a controlled collapsing of the material to create areas of cushioning and 
stability in the component. The support members are configured to extend into the interval between the top and bottom 
members and adjacent the opposing corresponding portion. The indentations can be formed in one or both of the top 
and bottom members. Moreover, the opposing corresponding portion can itself be an inwardly extending indented por- 
tion. In this instance, the opposing corresponding support members extend into the interval and adjacent to one 
another. Again, the corresponding indented portions are at least proximate to one another and can be engaged with 
one another in a fixed or non-fixed relation. The indented portion of the top or bottom members can be to any extent 
which retains enough of the top and bottom members' non-indented surface area to provide adequate support for use 
as a sole component. For example, components having an indented portion of about 50% are contemplated To further 
illustrate the invention, reference is made to a preferred embodiment wherein the sole component is a midsole portion 
of a shoe sole. 

[0021 ] Referring to Figs. 1 -2. a shoe 1 . such as a typical running shoe, is shown having an upper 2 and sole 3. The 
shoe upper has a lower surface configured for cooperative engagement with the sole. As indicated, the sole comprises 
a midsole 4 and outsole portions 5. The midsole is configured to cooperate with the sole engaging surface of the shoe 
upper. In the embodiment illustrated, the midsole 4 is a shell comprising a top foot-platform member 6. a bottom mem- 
ber 7, and a wall member 8. The top and bottom members are in generally parallel planar relation to each other in the 
heel and mid section of the sole, tapering towards each other as the midsole progresses towards the forefoot region 
and on to the front portion of the midsole where the top and bottom members meet. The top and bottom members are 
m coextensive relation and are partially spaced apart from one another to define an interval between the top and bottom 
members. The contiguous wall member 8 joins the edges of the top and bottom members to form a shell having an inte- 
rior space. A plurality of inwardly directed indentations 9 in the top and bottom members extend toward and adjacent to 
the opposite member and serve to provide internal support to the sole component structure. As indicated the indenta- 
tions can be in one or both of the top and bottom members. 

[0022] Figs. 3-4 showing top and bottom members, FIG. 5 showing unjoined sole component halves and Figs 6-7 
showing cross sections of the midsole 4 taken along lines 4-4 and 5-5 as shown in Fig. 2, further illustrate the inwardly 
extending support members. As illustrated, the indentations can take a variety of shapes for forming internal support 
members. In the forefoot region are indented conal-shaped pins 10, extending from the top member 40. and corre- 
sponding conal-shaped pins 1 1 extending from the bottom member 41 , which extend into the interval between the top 
and bottom members. Channels extending across the forefoot region form flex grooves 12 in the upper sole component 
half and corresponding flex grooves 1 3 in the lower sole component half. The flex grooves 1 2 and 1 3 also cooperate in 
the interior of the sole component to form ribbed support members when the component halves are joined. In the arch 
region or mid section of the sole component, inwardly extending conal-shaped pins 14 extend toward and cooperate 
with platform member 15. Platform member 15 is formed by an indentation in the lower sole component half. The heel 
region is shown having a large pin member 18 extending inwardly from the upper sole component half towards a corre- 
sponding pm member 19 in the lower sole component half. Inwardly extending channels 16 and 17 in the upper and 
lower sole components halves also cooperate to form internal ribbed support members extending from the lateral por- 
tions of the mid section of the sole component rearward around the large pin members 18 and 19. In the embodiment 
illustrated, the large pin/pin arrangement cooperates with the concentrically arranged channels to form a "donut" in the 
heel of the sole component The sidewall member 8 is shown having vertical convolutions 20 which cooperate with cor- 
responding convolutions 21 along the periphery of the lower component half to provide additional structural support 
along the component's periphery. 

[0023] As illustrated, support members can cooperate by the contact between corresponding indentations in the 
upper and lower sole component halves. Figs. 8-9 illustrate a contact point between two indented materials to form 
cooperating support members in accordance with one embodiment of the present invention when the upper and lower 
sole component halves, such as those illustrated in Figs. 3-7 are joined. Referring to Figs. 8-9, upper conal-shaped 
member 10 formed in the upper sole component half 40 is contacted with a corresponding conal-shaped member 1 1 
formed in the lower sole component half 41 . The point of contact can be fixed or non-fixed. If fixed, the indentations can 
be joined at their contact point such as by gluing, fusing, welding or the like. 

[0024] In some instances the inwardly directed indentations touch or rest against the opposing sole component mem- 
ber or corresponding indentations in the opposing sole component member, but are not attached or joined to the corre- 
sponding points on the opposing member. For example, pins 14 in the arch area of the top member can extend into the 
sole interior towards and proximate to the indented platform 15 in the bottom member, but remain detached from the 
platform. In some instances the design might indicate that indentations not engage the opposite member until a suffi- 
cient amount of pressure is applied on the top or bottom sole component member to cause contact between the inden- 
tation and the corresponding opposite memb r portion. 

[0025] Taking into account the general physical properties of the thermoplastic materials employed, the size, type and 
grouping of support members are determined by the functional requirements of the intended sole. For example, the 
pressure exerted by a foot on a sole is at the highest under the ball of the foot and under the heel. Accordingly, materi- 
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als. support members, and location of support members are selected to provide more cushioning and stability in these 
areas of the sole. Similarly, areas of the sole requiring more rigidity employ materials, support members, and support 
member locations which provide increased stiffness or rigidity. For example, pins can be grouped closer together where 
foot pressures on a sole would be expected to be greatest and consequently more resistance is required. Another 
example is the use of different support member shapes in conjunction with each other to provide precise areas of cush- 
ioning and support. For example, pins can be made larger in areas where foot pressures are greatest, such as in the 
heel region of the sole, to provide a more cushioned heel striking location. The cushioned heel strike area can be sur- 
rounded by smaller, more densely grouped pins, or by a ribbed support member, to provide increased heel stability at 
the periphery of the heel region. Lateral stability can be enhanced by the addition of walls extending upward along the 
periphery of the top member. For example, referring to Fig. 10, a cup sole formed by the addition of walls 22 and 23 can 
be molded into the sole component to provide an integrated sole component having added lateral support for activities 
such as tennis. 

[0026] As stated, the polymers selected for constructing the present invention must be flexible enough to function as 
a sole component. Generally, flexible means the shaped polymer component will bend or give in response to an applied 
force without cracking or breaking in its hardened state. Particularly preferred polymers for use in the present invention 
are elastomers which have high elongation. In general, the greater the elongation the greater the flex life and resilience 
of the sole component. Good elongation properties are also desirable to create an adequate range of cushioning in the 
sole, as well as creating the immediate comfort for which athletic soles have become known. For example, polymers 
with an elongation at break of about 250% to about 300% or more as measured according to ASTM D 638 are repre- 
sentative of desirable polymers for use in the present invention. Preferably, the sole component will have a flex life of 
about at least 50,000 flexes. An indicator of such desirable flex life can be determined, for example, by the use of flexing 
machines such as the Satra/Bata belt flexing machine manufactured by Satra Footwear Technology Centre, Kettering, 
Northamptonshire, England. In actual use, preferred sole components should withstand at least about one million foot 
strikes. 

[0027] In addition, the hardness of the material is important to desirable sole component characteristics such as sole 
integrity, lateral stability, etc. In addition, harder materials permit the use of thinner materials for constructing the sole 
component and thus decrease the weight of the component. Generally, preferred polymers will have a hardness ranging 
from about 70 on the Shore A scale up to about 55 on the Shore D scale (ASTM D 2240). Other preferred characteris- 
tics of the sole component material are: (1) formability, i.e.. the ability of the material to be molded into the desired com- 
ponent shape. (2) abrasion resistance, (3) clarity, (4) good tear strength, (5) low density, (6) good tensile strength, (7) 
the ability to integrate the material into existing footwear manufacturing methodology, (8) the ability to color the material, 
and (9) cost. High tensile strength is desired for coping with high shear forces encountered during high activity use such 
as running. In addition, high tensile strength permits the sole to be molded thinner. Clarity is important in achieving 
sharp color contrast, which is vital to acceptable sole decoration. Transparency is another consideration where the cos- 
metic design of the shoe includes a transparent portion of the sole as fashion and industry trends might dictate. Inte- 
gration into existing footwear manufacturing processes includes such factors as ease of cementing the component to 
other shoe materials. h 
[0028] As indicated, the sole component is preferably constructed of a thermoplastic resin. Preferable materials are 
those which are easily thermoformable into desired flexible sole component configurations. Materials which can be ther- 
moset after molding and retain the flexible characteristics for the sole components of the present invention are included 
within the scope of preferred thermoformable materials. Thermoset resins solidify or set irreversibly when heated due 
to crosslinking between the polymer chains. Crosslinking can be achieved by using nucleating agents, mold tempera- 
tures above the materials forming temperature, radiation, etc. A thermoset resin once set or cured cannot be softened 
again by heating. Thermoset resins are generally characterized by high thermal stability, high dimensional stability and 
high rigidity and hardness and include resins such as polyesters and urethanes. 

[0029] Thermoplastic resins can be either crystalline or amorphous and can be repeatedly softened by heating. Amor- 
phous thermoplastics include acrylonitrile-butadiene-styrene (ABS) copolymer, styrene, cellulosics and polycar- 
bonates. Crystalline thermoplastics include nylons, polyethylene, polypropylene and polyurethane. Examples of 
particularly preferred materials for use in the present invention include thermoplastic polyurethanes. nylons, polyesters 
polyethylenes. polyamides and the like. 

[0030] The following descriptions further illustrate the types of desirable materials for use in the present invention. 
Thermoplastic polyurethanes exhibit good flex life, especially at higher hardnesses, good abrasion resistance, cement- 
ing ease, good elongation and clarity. Examples of particularly preferred thermoplastic polyurethanes are the Elastol- 
lan 1100 series of polymers manufactured by BASF Corp., Parsippany, New Jersey. Properties of representative 
Elastollan® polymers are provided in the table below. 
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PROPERTY 


ASTM 


UNITS 


I GRADES 








11 90 A 


1154D 


1154D 


Specific Gravity 


D-792 


gr/cc 


1.13 


1.16 


1.19 


Hardness 


D-2240 


Shore D 


42+2 


53+2 


73+2 


Tensile Strength 


D-412 


MPa 


32 


40 


40 


Elongation @ Break 


D-412 


% 


575 


460 


350 


Abrasion Resistance 


D-1044 


mg 


45 


75 


75 



i!!mL o , Nyl( i n lf Xhib l 900d t6nSile Stren9th and thus can be ,hinner addition, they have low density and 

s 6Xample * 3 ^ ^ ** «• the JZZSLS. 



PROPERTY 


as™ 


UNITS 


ZYTEL 714 


Specific Gravity 


D-792 


grlcc 


1.02 


Hardness 


D-2240 


Shore D 


55 


Tensile Strength 


D-638 


MPa 


27.2 


Elongation @ Break 


D-638 


% 


260 



SXer 9 T d6nSrty ' CementinQ 6aSe - ,enSile Strength and elon 9 ation An exam P'e of preferred 
5?££ POly "\ e, ! are vanous P°'y mere of •» Hytrel series of thermoplastic elastomers manufactured by E I DuPom 

lerTl ■SiSTT Hytrel P °' ymerS ^ W0Ck ° f P °* bu * ,ene tere P htha.ate and .ong-chaPn Sy 
ether glycols. Propert.es of representee examples of Hytrel polymers are provided in the following table 



PROPERTY 


ASTM 


UNITS 


GRADES 








4056 


5555HS 


G-4774 


Specific Gravity 


D-792 


gm/cc 


1.16 


1.16 


1.20 


Hardness 


D-2240 


Shore D 


40 


55 


47 


Tensile Strength 


D-638 


MPa 


28 


40 


20.7 


Elongation @ Break 


D-638 


% 


550 


500 


275 



I °? 3 L POl . yamideS 6Xhibit 9O0d tear stren 9 th ' ni 9h resilience, low density, good flex life and clarity An examole of a 
mopiastic elastomer. Propert.es of representee Pebax polymers are provided in the following table: 
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rnUrtrl 1 Y 


ASTM 


UNITS 


GRADES 








533 


4033 


3533 


Specific Gravity 


D-792 


gm/cc 


1.01 


1.01 


1.01 


Hardness 


D-2240 


Shore D 


55 


40 


35 


Tensile Strength 


D-638 


MPa 


44 


36 


34 


Elongation @ Break 


D-638 


% 


455 


485 


710 



exhtrt good .ear strength, low dens,ty, and good flex l«e. Properties of Surlyn ionomers are provided^ the following 



PROPERTY 


ASTM 


UNITS 


GRADES 








9020 


9450 


Specific Gravity 


D-792 


gm/cc 


0.96 


0.94 


Hardness 


D-2240 


Shore D 


55 


54 


Tensile Strength 


D-638 


MPa 


26.2 


21.4 


Elongation <3> Break 


D-638 


% 


510 


500 



wml . °" e f* 0 *™" 1 0f the presem invention - a sh eet of a first flexible thermoformable material is heated to rK 
form^g temperature and then molded in a corresponding first mold configured to form from The rate tal a Tune s! 

tel^t" 9 8 2 "ft*™ memb6r A Sh66t 01 a Second ,,exib,e thermoformable mS. isTSto ErnTna 
Sl?S!r.S2?J? in 3 ^T*'" 9 SeCOnd mo,d «"*M- to form from the nJE?£^££ZZ 
of he tl^^l sole component member. The molds are further configured to provide ind ntations in aSKS 
3 5 shS SEE memb r ,C T med ,rom «"«Pon«iing P«*utions in one or bolh of the molds. For ^ £ s 
oonent^? r 0 " 1 " 1 S °' e ^P 0 " 6 " 1 halves herein the tpper sole component half 40 and lovTSle co£ 
m,rr0f i! reSp6CtiVe Upper and ,ower «*• having a plurality of indentation USjESEw <£ce 
SSi2L UPPer H and ?T 80,6 C ° mp0nent ^ are CO0,ed suffidert, y ,or ' e «™*' fromTh^moS « ?! °£n 

S J£! a , dVan,a f 0< the construction meth «l of the present invention is the ability to use two different materials 
hav,ng d-fferent propert.es to create a variety of functional vaiues not possible with one materia.. For tSjKTSl 
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component can be constructed of materials having different thicknesses. Moreover, the shapes used to create function 
•n the sole component can all be connected during the molding process. This is highly advantageous 

I Sl 0 ,T nen h3 r 9 3 J eqUa,e CUShi ° nin9 and S,abili,y " wi,hout addin 9 addi « onal corty derations F r«S 

SSCS22lS^? n 2 TI^ 0, , COnStrUC « n 9 the *> l * "^nt of the present invention's through L usTofTpe 
cially designed twin-sheet thermoforming molds and techniques. P 

Sn T hermo Y min9 i n 9enera ' iS 3 PrOC6SS ° f Shaping thermoplastic resin by heating a sheet or film of the plastic 
r L ^ pera,ure suff ,c,ent to ,h e resin pliable enough to be shaped into a desired form QeneVaSy the nS 
hlwH U : ,0 T ,y ,hr ° U9hOUt t0 i,S n ° rmal ' 0rmin9 «enperature. The norma, forming im^^^SS, 
heatong the matena to the highest temperature at which it still has enough hot strength to be handled ySKSX 
degrading temperature of the materia.. Preferably, the materia, will have a ho. tensile strength adequate VSZ he 
^n? °, f e, ^ h unrform| y onto and around the mold. The material at rts forming temperature is men dampest its 
S h T 0 3 ° ne " Sk,ed m0ld ' ***** 3 temperature-controlled a.uminum moid, by applyTng a vacl m to 
mLTJfc h 6 6 matenal l ° forCe the material int0 ,he mo,d Posi,ive air P^sure is also typ^ly aS I to the 

nit^^^T sid ? f ,he K ma,erial ,0 assist in ,orcin9 ,he material firm * ^ 2 

J 1* '? ' 7 h n9 < ,en ^ erature - the mate "«' * essentia.* annea.ed (stress-relieved). To avoid forming in 
t e Once mil t t f , ,0rC S aga . ,ns, ,he mold as ra P id| y as P«*le by app.ication of the vacuum and air pres- 
sure Once molded, the part .s cooled to its set temperature which is the temperature at which the part hardens suff i- 

o^e?e S 0 s P m T l, 7T a |, 0f ^ ,r ° m ,he m °' d With0Ut deformin9 the ™ ,d ^ P art - ™» moldi P^^^Zl 

iTer^r^ 

uooe^h^t^ ,her < m ° ,0rmin9 in PartiCU ' ar US6S *» Shee,s 0< ma,erial heated ,0 ^err forming temperatures, the 
Z 1h TJ UP ,nt ° an UPPef moU ha,f and a lower sheet ,orced down int ° * corresponding lower mold half The 
wo mold halves are pressed together and the pressure of the two molds squeezing the sheets tooether at thL frL ™ 

SS^^S7il PenP f ^ ""'I" ' OWer S ° le COmp ° nent ha,ves and between ind -*tions 

M fndir^i PP ^' ie member addition - P ° in,S of ""W can ^ between corresponding indentations 

toS^^^.T b6tWeen ,he Sh6e,S t0 3SSiSt " ,0rcing the ma,erial ««° the molds Pa " 

^ni» T « S ° r tW ' n " Sheet ,nerm ° f °™ng sh°"'d exhibit good specific heat. i.e.. the hot sheet retains te 
emperatu re for a suff,c,ent t.me in the process to easily join surfaces at their contact points ThermopS^ 
urethane, for example, exhibits good specific heat. nermopiastic poly 

eTeto F^i 1^ ™TT P : 0C6SS * thermo,ormin 9 the shoe sole component is illustrated generally by refor- 
mers Zl ll^Hl , 9 £ "°. ^ * thermo P lastic sheet stock 30 and 31 are fed from rolls 32 ar(d k over 
Zl *™ £ f ? ock heaters 35 to raise the temperature of the sheet stock to substantially its normal forming tern- 

soTco^m^ 'T" 10 form Stati0n 36 havin9 an upper so,e compc ^ ent ™ ld 37 and aCr 

sole component mold 38. The mold halves are closed together and the vacuum is applied to the mold halves to force 

the upper sheet materia, into the upper mo.d 37. and the .ower sheet materia, into the correspon^nXe? nSd 38 A* 

Z™Z£ n J " I ^ b6,Ween ^ SheetS 10 3SSiSt in forCin9 »» materia,s Wo the rrwIds/The mo ki 

94 sTo- ° r 3 T "? ^ 10 ^ the UPPef 8nd ,0Wer materia,S together at their - intact lS 

rern^edfrom the^.d2 r ^ T* ?° ^2"* The moU ^ are *" retrac,ed and the formed 39 is 
S2r t° ! " e Sl,f,,Clen, C00l,n9 and advan ced further down the line for trimming. 

nrSuHnn h 17 0 9 advanta 9 es over other **** of molding, including blow molding, when it comes to 

as loZred to ST£ 'T.f 6 de ' iVerin9 3deqUate ,UnCti0n - ^ermoformed soles have tight tolerances 
maST J • II . ° r P art,a| - foam soles - Cushioning, flexibility, stability, etc. are more predictable with the 

desS ,he r' 0 T 9 ^ thUS mata8 more ,easible the of *«• dynamics research To shoe 

of Zn^ T' 3S . UStrated ' ^ thermoformed -" a «^l can be curved or bent at various angles to provide a variety 

LerSoTS Therefora ; he ' nvent ' 0n ' endS ^ 10 a ™«* of embodiments as dictated by design con" 

aSlhe like ^ ' *° be cona, - sha P ed > a « conal-shaped -pins.- rklges. cubes, platforms, ribs 

M^iJSS^ !^ l T', at t kM& SO ' e COmp0nen, halveS 030 be const ^«l of different thermoplastic mate- 
ooted o^ h^lr ° f advanta9 ! s 030 be engineered sole. For example, the top membercan be com- 
^oSas^^TJ, ^rmop.ast.c material, while the bottom member is composed of a thinner, lighter 
ofZ?iSn e T? f "Sff C ° rreSp0nding ^PP^ 1 member s of two different materials increases the ability 
IvirJ fSSZ ^ enn9 d69reeS 0f ,,exibi,ft y or resistance into specific areas of the sole component. By 

St ' n I ermS 01 ^ Pr0perti6S SUCh 35 ,enSi,e Stren9th " material »n'ckness3 elonga- 

TJSX y 9 "i 1°" con,, 9 urat,ons to *™ support members, a number of consistently reproducible regions 
of des,red resistance and flexibility can be engineered into the sole to meet specific requirement. For exam^e^n 
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pin/pin arrangements, a thicker, more rigid material can be employed as the top member and a thinner, more flexible 
material can be employed as the bottom member. The upper pin portion extending from the top member from a stiffer 
material, would form a more rigid upper pin portion. The lower pin member extending from the bottom sole member 
would provide a more flexible, "softer" lower support member. Consequently, cooperating support members are pro- 
vided having dual characteristics enabling the functional response of the support members to be more precisely engi- 
neered. In addition, where the component includes a wall member, the wall member can be formed from two materials, 
i.e., the wall can be split between the upper and lower sole component halves. 

[0044] Thermoforming also offers additional advantages. Thermoforming is efficient and cost effective. Blow molding, 
for example, requires numerous mold changes to make all the various sizes of right and left soles. Such mold changes 
are not economically desirable. Thermoforming should permit a sole unit per mold time advantage of at least 5 to 10 
times. In addition, blow molding can use only 1 - 4 molds per cycle. The entire sole size range of approximately 36 
molds can be thermoformed in one cycle. In addition, the thermoforming process can utilize laminate or printed graph- 
ics attached to the plastic sheeting before forming. This permits high precision graphics and unlimited color use. Four- 
color photo processes could be used for example. Molds can also be configured to add texture to the component mate- 
rial. Moreover, the thermoforming process does not stretch the hot plastic nearly as much as blow molding. Umiting 
stretching is vital to keeping graphics acceptable. Stretching also affects the consistency of the material's thickness, 
which in turn affects the consistency of the sole component's function. 

[0045] The present invention also lends itself to a number of alternative design considerations. The interval can con- 
tain foam, such as traditional EVA foam, as consumer or user demands might dictate. One or more recesses such as 
circular shaped indentations or channels can be molded into the sole component to provide receptacles for cooperating 
with locking members protruding from outsole materials to attach an outsole to the bottom member of the sole compo- 
nent. In addition, an outsole can be attached to the sole component during the molding process. This is further illus- 
trated by reference to Figs. 12-15. Fig. 12 shows a partial cutaway view of a lower sole component mold half 24 in 
accordance with one embodiment of the present invention wherein outsole member recesses 25 are designed into the 
mold. Prior to molding the lower sole half, outsole material 26, such as synthetic rubber material, is positioned in the 
corresponding recesses 25. The material 27 for the lower sole component half is molded around protrusions extending 
from the outsole material thereby locking the outsole material into the sole component as illustrated in Fig. 13 showing 
indentations 28 in locking cooperation with the outsole material 26. Referring to Figs. 14-15, vacuum ports 29 in the 
recesses cooperate with channels in the outsole material which permits communication between the vacuum ports and 
the interior of the mold to permit the applied vacuum pressure to pull the hot sole component material around the pro- 
trusions of the outsole material. Fig. 15 illustrates an alternative embodiment wherein a plurality of protrusions extend 
from an outsole member recessed in the mold. An adhesive can be applied to the outsole material prior to molding to 
ensure adequate bonding between the sole component and the outsole material. The indentations housing the outsole 
material can also function as support members. In a preferred embodiment, the outsole would cover indentations in the 
bottom member to prohibit dirt and other foreign material from becoming lodged in the indentations. 
[0046] The sole of the present invention can he attached to an upper in a variety of ways as well. One traditional 
method is simply to cement the sole to the upper. Thermoforming. however, lends itself to particularly advantageous 
means for attaching the sole component to an upper. For example, cementless attachment mechanisms include a 
series of one-way snaps which fit into receptacles in either the shoe upper or the sole to lock the shoe upper to the sole. 
Preferably, the top member of the sole would be thermoformed with receptacles around the periphery of the upper sur- 
face of the sole member's top and designed to accept corresponding one-way snaps extending outwardly from the 
periphery of the bottom of the shoe upper. Referring to Figs. 1 6-18, the upper surface of the top member of the sole 50 
in accordance with the present invention is shown wherein snap receptacles 51 are positioned along the periphery or 
outside edge of the upper surface of the sole. The lower surface of the shoe upper 52 includes outwardly extending one- 
way snaps 53 positioned along the periphery of the lower surface of the shoe upper to correspond to the location of the 
receptacles in the sole. Figs. 19-21 illustrate an alternative embodiment wherein a locking channel 54 is molded into 
the upper surface of the top member of the sole 50 along its periphery and a corresponding lipped rib member 55 
extends downward from the lower surface of the shoe upper 52. The lip is engaged in the locking channel to attach the 
shoe upper to the sole. 

Claims 

1 . A shoe sole component comprising a flexible high polymer resin body member configured for incorporation into a 
shoe sole, the body member further comprising: 

(a) a top foot-platform sheet (40); and 

(b) a bottom sheet (41) in at least partially coextensive relation to the top foot-platform sheet, the coextensive 
relation defining opposing corresponding portions of the top and bottom sheets, the top and bottom sheets 
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being in at least partially spaced relation to one another to define an interval therebetween; 
and being characterized by 

(c) a plurality of support members (9) in the form of indentations in both of the top and bottom sheets, the 
indentations in each of the top and bottom sheets being integral with each of the sheets respectively and form- 
ing a recess on one side of each sheet and a projection on the other side of each sheet, each projection con- 
figured to extend into the interval, one or more of the indentations abutting an indentation in the opposing sheet 
to retain the top and bottom sheets in the coextensive and spaced relation. 

2. A sole component according to claim 1 , wherein one or more of the indentations provide substantially conal-shaped 
support members (10.1 1.14). 

3. A sole component according to claim 1 or claim 2, wherein one or more of the indentations provide internal platform 
support members (15). 

4. A sole component according to any one of claims 1 to 3, wherein one or more of the indentations provide internal 
rib support members (12,13). 

5. A sole component according to any one of claims 1 to 4, further comprising a wall member (8) coextensive with at 
least a portion of the periphery of the top and bottom sheets. 

6. A sole component according to claim 5. wherein the wall member is formed from an integral portion of at least one 
of the top and bottom sheets. 

7. A sole component according to any one of claims 1 to 6, wherein the flexible high polymer resin is a flexible ther- 
moset polymer. 

8. A sole component according to any one of claims 1 to 6, wherein the flexible high polymer resin is a flexible ther- 
moplastic polymer. 



9. A sole component according to any one of claims 1 to 8, wherein the top and bottom sheets are composed of dif- 
ferent polymers. 

10. A sole component according to any one of claims 1 to 9, wherein the top and bottom sheets are of different thick- 
nesses. 

1 1. A sole component according to any one of claims 1 to 10. further comprising an outsole (5) attached to at least a 
portion of the external surface of the bottom sheet. 

12. A sole component according to claim 11, wherein the bottom sheet further comprises one or more recesses (25) 
and the outsole (26) comprises one or more protrusions integral with the outsole and in locking engagement with 
the recesses. 



13. A sole component according to any one of claims 1 to 12, wherein one or more of the indentations is joined to an 
indentation in the opposing member. 

Patentanspruche 

1. Schuhsohlenkomponente mit einem flexiblen hochpolymeren Kunstharz-KGrperteil zum Einbau in eine Schuh- 
sohle, aufweisend: 

(a) eine obere FuBplattform-Lage (40). und 

(b) eine untere Lage (41) in mindestens teilweise gemeinsamem Verlauf mit der oberen FuBplattform-Lage. 
wobei der gemeinsame Verlauf inander gegenuberliegende entsprechende Abschnitte der oberen und der 
unteren Lage festlegt und die obere und die untere Lage mindestens teilweise einen Abstand zueinander auf- 
weisen, wodurch ein Zwischenraum zwischen ihnen gebildet wird, 

gekennzeichnet durch 

(c) mehr re Stutzelemente (9) in Form von Zahnungen sowohl in der oberen als auch in der unteren Lage, 
wobei die Zahnungen jeweils in der oberen und der unteren Lage mit der entsprechenden Lage integral aus- 
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gebildet sind und auf einer Seite der entsprechenden Lage eine Vertiefung und auf der anderen Seite der ent- 
sprechenden Lage einen Vorsprung bilden, sich die jeweiligen Vorsprunge in den Zwischenraum hinein 
erstrecken und eine oder mehrere der Zahnungen gegen eine Zahnung der gegenuberliegenden Lage stoBen 
urn die obere und die untere Lage in ihrem gemeinsamen Verlauf und Abstand zu halten. 

2. Sohlenkomponente nach Anspruch 1 , wobei eine oder mehrere der Zahnungen im wesentlichen konisch geformte 
Stutzelemente (10, 1 1, 14) bilden. 

3. Sohlenkomponente nach Anspruch 1 oder 2, wobei eine oder mehrere der Zahnungen interne Plattformstutzele- 
mente (15) bilden. 

4. Sohlenkomponente nach einem der Anspruche 1 bis 3, wobei eine oder mehrere der Zahnungen interne Rippen- 
stutzelemente (12, 13) bilden. 

5. Sohlenkomponente nach einem der Anspruche 1 bis 4, mit einem Wandelement (8). das mit mindestens einem 
Abschnitt des Umfangs der oberen und der unteren Lage gemeinsam veriauft. 

6. Sohlenkomponente nach Anspruch 5, wobei das Wandelement aus einem integralen Abschnitt der oberen 
und/oder der unteren Lage gebildet ist. 

7. Sohlenkomponente nach einem der Anspruche 1 bis 6, wobei das flexible hochpolymere Kunstharz ein f lexibles in 
Warme ausgehartetes Polymer darstellt. 

8. Sohlenkomponente nach einem der Anspruche 1 bis 6, wobei das flexible hochpolymere Kunstharz ein flexibles 
thermoplastisches Polymer darstellt. 

9. Sohlenkomponente nach einem der Anspruche 1 bis 8. wobei die obere und die untere Lage aus verschiedenen 
Polymeren aufgebaut sind. 

10. Sohlenkomponente nach einem der Anspruche 1 bis 9, wobei die obere und die untere Lage verschiedene Dicken 
aufweisen. 

11. Sohlenkomponente nach einem der Anspruche 1 bis 10, mit einer AuBensohle (5), die an mindestens einem 
Abschnitt der AuBenflache der unteren Lage angebracht ist. 

12. Sohlenkomponente nach Anspruch 1 1 , wobei die untere Lage auBerdem eine Oder mehrere Vertiefungen (25) und 
die AuBensohle (26) eine oder mehrere mit ihr integrale Vorsprunge in festem Eingriff mit den Vertiefungen auf- 
weist 

13. Sohlenkomponente nach einem der Anspruche 1 bis 12, wobei eine oder mehrere der Verzahnungen mit einer Ver- 
zahnung des gegenuberliegenden Teils verbunden ist. 

Revendications 

1 . Partie constitutive de semelle de chaussure, comprenant un corps en r^sine flexible de haut polymfcre, fa<?onn6 en 
vue de Incorporation dans une semelle de chaussure, ledit corps comprenant en outre : 

(a) une feuille sup£rieure (40) servant de base pour le pied, et 

(b) une feuille inferieure (41) en relation mutuelle au moins partiellement 6troite avec la feuille sup6rieure ser- 
vant de base pour le pied, la relation mutuelle Stroite d§finissant des parties correspondantes opposes de la 
feuille sup6rieure et de la feuille inferieure, la feuille sup6rieure et la feuille inferieure §tant au moins partielle- 
ment espac§es Tune de I'autre pour d6f inir un intervalle entre elles. 

et &ant caract6ris6 par (c) plusieurs 6l6ments supports (9) sous la forme d'encoches dans $ la fois la feuille 
sup^rieure et la feuille interieure. les encoches dans chacune des deux feuilles, feuille sup&ieure et feuille 
inffrieure. faisant partie int^grante de la feuille correspondante et formant un 6videment d'un cot6 de chaque 
feuille et une saillie de I'autre c6t6 de chaque feuille. chaque saillie §tant configure de manidre k s'&endre 
dans rintervalle. une ou plusieurs des encoches touchant une encoche de la feuille oppos§e pour maintenir la 
feuille supSrieure et la feuille inf^rieure espac^es Tune de Pautre et en relation mutuelle 6troite. 
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2. Partie constitutive de semelle selon la revendication 1 , dans laquelle une ou plusieurs des encoches fournissent 
des elements supports (10,11.14) pratiquement en forme de cdne. 

3. Partie constitutive de semelle selon la revendication 1 ou 2, dans laquelle une ou plusieurs des encoches fournis- 
s sent des elements supports internes (15) en forme de base. 

4. Partie constitutive de semelle selon Tune quelconque des revendications 1 k 3. dans laquelle une ou plusieurs des 
encoches fournissent des elements supports internes (1 2, 13) en forme de nervures. 

10 5. Partie constitutive de semelle selon Tune quelconque des revendications 1 k 4, qui comprend en outre un element 
(8) formant paroi. qui Spouse au moins une partie de la p6riph6rie des feuilles superieure et inferieure. 

6. Partie constitutive de semelle selon la revendication 5, dans laquelle lament formant paroi est constitue d'une 
partie integrante d'au moins Tune des deux feuilles, la superieure et I'interieure. 



15 



7. Partie constitutive de semelle selon Tune quelconque des revendications 1 a 6, dans laquelle la resine flexible de 
haul polymere est un polymere thermodurci flexible. 

8. Partie constitutive de semelle selon I'une quelconque des revendications 1 a 6, dans laquelle la resine flexible de 
20 haul polymere est un polymere thermoplastique flexible. 

9. Partie constitutive de semelle selon Tune quelconque des revendications 1 k 8, dans laquelle la feuille superieure 
et la feuille inferieure sont constitutes de polymeres differents. 

25 10. Partie constitutive de semelle selon I'une quelconque des revendications 1 a 9, dans laquelle la feuille superieure 
et la feuille inferieure ont des epaisseurs differentes. 

11. Partie constitutive de semelle selon Tune quelconque des revendications 1 k 10, qui comprend en outre une 
semelle exterieure (5), fix§e k au moins une partie de la surface externe de la feuille inferieure 

30 

12. Partie constitutive de semelle selon la revendication 1 1 , dans laquelle la feuille inferieure comporte en outre un ou 
plusieurs evidements (25) et la semelle exterieure comporte une ou plusieurs saillies (26) qui font partie integrante 
de la semelle exterieure et s'engagent dans les evidements pour la fixation. 

35 13. Partie constitutive de semelle selon I'une quelconque des revendications 1 & 12, dans laquelle une ou plusieurs 
des encoches sont raccordees k des encoches de reiemerrt oppose. 



40 
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